About the Proceedings Book and the Symposium
Fisheries researchers and managers will find invaluable the twentyeight peer reviewed manuscripts in this book. The book is important because it exemplifies the recent advancements that have been made in understanding topics such as rockfish life history, population dynamics, age and growth, genetic population structure, and stock assessment. In spite of enormous challenges that face rockfish researchers and managers, improved knowledge on these topics should result in enhanced management and conservation of rockfish populations. The contributions in this volume are not only important to those studying Pacific rockfishes but also to a wider audience involved with fisheries oceanography, genetics, stock assessment, and fisheries management.
The rockfish symposium is the 23rd Wakefield Fisheries Symposium, organized by Alaska Sea Grant. It was held as part of the 2005 annual meeting of the American Fisheries Society, Creating a Fisheries Mosaic. One of the tenets of the Wakefield Symposium Series is that fishery managers and policy makers must have credible, research-based information on which to base management decisions. This principle is ever more important for the assemblage of rockfish species in the genus Sebastes. Rockfish species are diverse, are difficult to distinguish, and have a large and enthusiastic following in the commercial and recreational fishery. It is not surprising, given the array of color polymorphisms in some species, that Sebastes translates to "magnificent" (M.S. Love, M. Yoklavich, and L. Thorsteinson. 2002 . The Rockfishes of the Northeast Pacific. University of California Press).
Some of the 100+ rockfish species of the northwestern and northeastern Pacific are currently experiencing declines in abundance, especially off the coast of California, Oregon, and Washington. Some rockfish are more vulnerable to exploitation based on species-specific life history traits such as long life, variable recruitment success, habitat fidelity, and changing oceanographic conditions. In the long tradition of Lowell Wakefield Fisheries symposia, this rockfish symposium extended the knowledge base and helped bridge the gap between contemporary rockfish science and management challenges since the Wakefield rockfish symposium held in 1986 in Anchorage.
The symposium convened scientists, fishery managers, and industry to discuss rockfish biology, taxonomy, assessment techniques, and management strategies to promote sustainability and conservation on both sides of the North Pacific.
The symposium was coordinated by Sherri Pristash, University of Alaska Fairbanks, Alaska Sea Grant College Program. Organizing committee members are Jane DiCosimo, North Pacific Fishery Management Council; Tony Gharrett, University of Alaska Fairbanks, School of
The Lowell Wakefield Symposium Series and Endowment
The Alaska Sea Grant College Program has been sponsoring and coordinating the Lowell Wakefield Fisheries Symposium series since 1982. These meetings are a forum for information exchange in biology, management, economics, and processing of various fish species and complexes, as well as an opportunity for scientists from high-latitude countries to meet informally and discuss their work.
Lowell Wakefield was the founder of the Alaska king crab industry. He recognized two major ingredients necessary for the king crab fishery to survive-ensuring that a quality product be made available to the consumer, and that a viable fishery can be maintained only through sound management practices based on the best scientific data available. Lowell Wakefield and Wakefield Seafoods played an important role in the development and implementation of quality control legislation, in the preparation of fishing regulations for Alaska waters, and in drafting international agreements for the high seas. In his later years, as an adjunct professor of fisheries at the University of Alaska, Lowell Wakefield influenced the early directions of Alaska Sea Grant. The Wakefield symposium series is named in honor of Lowell Wakefield and his many contributions to Alaska's fisheries. In 2000, Lowell's wife Frankie Wakefield made a gift to the University of Alaska Foundation to establish an endowment to continue this series.
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Abstract
We investigated the maturity of female Pacific ocean perch (Sebastes alutus) in waters off Oregon. Visual and histological methods produced similar results during the months of December to March; however, neither method provided reliable determinations of reproductive maturity in other months. Evidence of abortive maturation, characterized by mass atresia of the developing class of oocytes, was observed in 7.1% of the fish sampled during December to March, with a strong age-related decline in prevalence. Fish older than 18 (N = 73) showed no evidence of abortive maturation regardless of size, further supporting the higher reproductive value of older rockfishes. Abortive maturation was associated with adolescence (age 5-9 years), but was also observed in post-adolescent fish, especially in 2001 samples. Rates of abortive maturation varied between the years 2001 and 2003, suggesting an environmental influence on successful egg development in younger fish. Pacific ocean perch off Oregon were 50% mature at a length of about 31 cm and an age of six, two years younger than assumed in recent stock assessment models for the West Coast population.
Introduction
The age and length at maturity for female fish is a critical parameter in many stock assessment models. For example, Clark (1991) and Lunsford (1999) have shown that changes in the age at 50% maturity (A 50 ), espe-cially in relation to the median age of fishery recruitment, can have a strong influence on estimated target fishing rates. Target fishing rates are used by the Pacific Fishery Management Council (PFMC) to manage most groundfish stocks (Clark 1991 , PFMC 2000 . One example of a target fishing rate would be F 40% , the fishing mortality rate that would reduce spawning stock biomass per recruit to 40% of the unexploited level. The importance of errors in estimating the median age of female maturity was illustrated by Lunsford's (1999) study of maturity of Pacific ocean perch (Sebastes alutus), where a shift in the estimated median age of maturity for female fish from 7.5 to 10.5 years decreased the F 40% value from 0.110 to 0.076, a decrease of 31%. Correct estimation of target fishing rates is especially critical for U.S. West Coast rockfish (Sebastes spp.) stocks, as they are considered to be some of the least resilient (Leaman 1991 , Clark 2002 .
For many species of rockfish, especially those found on the upper continental slope, age and length at 50% maturity (L 50 ) are not well established (Love et al. 2002) . Some information on L 50 has been gathered for most slope rockfish species over the last several decades (Westrheim 1975 , Wyllie Echeverria 1987 , Barss 1989 ). These early studies, however, either did not collect age data (Westrheim 1975 , Barss 1989 , or they based ages on surface readings rather than the more accurate "break and burn" technique (Chilton and Beamish 1982, Wyllie Echeverria 1987) . For some West Coast rockfish species, including Pacific ocean perch, the most extensive maturity data available have been from samples collected during the triennial National Marine Fisheries Service summer abundance surveys (Hamel et al. 2003) . These data cover a wide geographic range and generally include a wide size range of fish, unlike commercial fishery samples that often lack adequate numbers of smaller, immature fish. However, these data are also based on a simple visual assessment of maturity, so they suffer from a different, but potentially serious, problem. In summer, maturity status of ovaries from winter spawning species like Pacific ocean perch can be very difficult to determine accurately-ovaries of mature, "resting" fish are macroscopically identical to ovaries of immature fish (Wallace and Selman 1981) . The problem is best addressed by collecting a wide size range of fish during seasonal time periods when visual maturity determinations are more accurate. However, even within an optimal sampling period, the possibility remains that visual assessment of female rockfish maturity could be an inaccurate assessment of actual or "functional" maturity, meaning the successful production of larvae. Nichol and Pikitch (1994) evaluated maturity of darkblotched rockfish (S. crameri) microscopically and found that some ovaries with evidence of vitellogenesis also showed mass atresia and resorption of oocytes. Their findings underscore the importance of using histological evidence of maturity over visual assessment, as the difference between a func-tionally immature and a functionally mature individual can depend on attributes visible only microscopically, even during the period of reproductive growth. The primary objective of this study was to collect maturity samples from female Pacific ocean perch and evaluate the benefits of using histological sections to determine maturity as opposed to visual assessment. An additional objective was to develop age and length at maturity data specific to U.S. West Coast Pacific ocean perch that could be used in stock assessment.
Maternal age has been suggested as a potentially important predictor of reproductive success in rockfish (Leaman 1988 ). However, supporting data for individual species are very limited. Recent studies of larval quality in black rockfish ) suggest a maternal-age effect on larval survival. A third objective of this study was to evaluate the effect of maternal size and age on reproductive success and the seasonal timing of ovarian development in Pacific ocean perch.
Methods
Maturity data for female Pacific ocean perch were collected from two sources, dockside sampling of Oregon's commercial fishery landings and chartered research trawl trips. Each fish was measured (cm fork length). An ovary was removed and assigned a macroscopic maturity stage (Table 1) following the criteria of Westrheim (1975) . Only experienced samplers were used to assign macroscopic maturity stages to minimize errors in visual staging. One ovary was then preserved from each female fish for histological examination, except for fish with an unambiguous maturity status, such as those with developed larvae or recently spent ovaries. Sagittal otoliths were removed for subsequent age determination. Ages were determined using the break and burn technique (Chilton and Beamish 1982) . Ovaries were collected from all female fish that were not visually assigned stage 4 (fertilized eggs), 5 (eyed larvae) or 6 (recently spent). Ovaries in these three stages were considered to be unequivocally mature. Ovaries were preserved in 10% buffered formalin, and later transferred to 70% ethanol for storage. Tissue samples from the midsection of the ovary were then embedded in paraffin, sectioned at 5 µm, and stained with Harris's hematoxylin and eosin Y (West 1990 ). We measured the diameter of the five largest, spherical, non-atretic oocytes in each stained thin-section with an ocular micrometer (100 ×) and calculated a mean maximum oocyte diameter (MMOD) for each sample (West 1990) . MMOD was compared for mature and immature fish to determine the appropriate period to evaluate samples to determine maturity. The samples were classified as mature or immature based on the presence or absence of vitellogenin, post-ovulatory follicles, and level of atresia. If the majority of the developing class of oocytes was atretic, maturation was considered abortive and the individual was considered functionally immature. The accuracy of visual examination of ovaries was then evaluated by comparing the maturity status from visual examination with status determined from histological sections.
Logistic regression was used to fit sigmoid length-maturity and agematurity curves to microscopically verified maturity data. The model fitted had the general form, 
where p is the probability that a fish is mature in a given length (cm) or age category x 1 , and b 0 and b 1 are parameters that define the shape and location of the fitted curve. The predicted length or age at 50% maturity was calculated as,
We used the non-parametric Mann-Whitney U test and graphic methods to look for evidence of age-or size-related differences in reproductive timing as shown for darkblotched rockfish (Nichol and Pikitch 1994) , yellowtail rockfish (S. flavidus) (Love et al. 1990) , and black rockfish (S. melanops) (Bobko and Berkeley 2004) . This analysis was applied to mature fish only, within individual months during the active spawning period, using macroscopic stage (3-7) as the dependent variable. For these tests, "old" and "large" Pacific ocean perch were defined as those 16 years of age or older and those 36 cm in length or larger. The choice of age 16 and 36 cm to split the data was somewhat arbitrary, but was chosen to maintain adequate sample sizes of fish in each group. We also evaluated how the timing of the onset of vitellogenesis varied with fish length and age by graphically examining the relationships between MMOD, developmental stage and fish length and age for the months prior to fertilization. We evaluated age-and size-related changes in the frequency of abortive maturation, as indicated by mass atresia within the developing class of oocytes, using a simple graphical approach, comparing the frequency of abortive maturation with the numbers of fish sampled, by size and age.
Results
Visual assessments of maturity stage for 964 female Pacific ocean perch (Table 2) showed highly synchronous reproduction (Fig. 1) , with fertilization occurring in January to February. Based on the high frequency of ripe fish and increasing frequency of spent fish in February to March, this is the time of parturition for this species off Oregon. In May samples, many females were in the resting stage, and by September, development of mature ovaries had begun again. The timing of female reproduction, as determined from histological sections, was very similar, with most mature females being heavily vitellogenic in December and in a fertilized state by January to February. By May, most of the ovaries examined were either spent, in a resting stage, or in the early stages of vitellogenesis for the following year. Nonparametric tests for differences in mean maturity stage by month did not show any significant age-or size-related differences in the timing of parturition (P > 0.05), further supporting strong synchrony of spawning for this species in waters off Oregon (Fig. 2) . Analysis of MMOD versus length for September and December samples (Fig. 3) showed that mature females sizes and ages, but later onset of oocyte development or smaller final egg size for small fish. During December-March, macroscopic maturity determinations agreed well with determinations derived from microscopic examination of ovarian thin-sections. Of the 176 ovaries examined microscopically, most of which were macroscopically classified as stages 1 (immature), 2 (maturing), 3 (mature) or 7 (resting), only 10 (5.7%) were reclassified to either mature or immature (Table 3) . In December samples, most re-classified ovaries were originally stage 3 (mature) ovaries found microscopically to be in the early-or late-perinucleolus stage, with evidence of prior atresia but no vitellogenesis. In January samples, no fish were reclassified, however only 29 fish were evaluated microscopically, because most fish examined were in unambiguous visual maturity stages, either fertilized or ripe (Fig. 1) . In February and March samples, most of the errors were visually "immature" (stage 1) or "maturing" (stage 2) ovaries that microscopically showed post-ovulatory follicles, found only in mature ovaries. In months other than December-March, unambiguous determinations of maturity status could not be made, either visually or microscopically, because the most advanced oocytes of both immature fish and mature fish in the resting stage were in the early-and late-perinucleolus stages.
Although microscopic assessment of maturity status offered only a small benefit in accurately determining maturity status of female Pacific ocean perch during December-March, it was useful for identifying fish going through abortive maturation. These Pacific ocean perch were mostly classified visually as stage 1 or 2, but microscopically showed evidence of vitellogenic oocytes undergoing mass atresia and resorption. In December-March samples, 34 (7.1%) of 480 female Pacific ocean perch sampled showed evidence of abortive maturation, while another 50 (10.4%) showed evidence of minor atresia; a moderate percentage of atretic cells mixed in with many other vitellogenic oocytes that were developing normally at that time. The prevalence of abortive maturation declined weakly with size but more directly with increasing age (Fig. 4) , however the phenomenon clearly extends to older age fish than normally associated with an adolescent phase lasting a year or two (Fig.  5) Abortive maturation caused asymmetry in the relationship between the proportion mature and both length and age (Table 4 and Fig. 6 ), in the sense that the proportion mature increased rapidly with length or age at small sizes and young ages, but then approached the upper asymptote very gradually. The very gradual approach to 100% maturity was caused by a few larger, post-adolescent fish with abortive maturation that were classified as immature. This effect created a very poor fit to the logistic curve and derived estimates of length and age at 50% maturity that may be biased. The fitted logistic curves (Table 5) suggest a length at 50% maturity of 31.1 cm and an age at 50% maturity of 5.2 years. Simply inspecting the data on proportion mature (Fig. 5) suggests the estimate of L 50 from the fitted curve is approximately correct, but that an A 50 of about 6 years would be a better choice than the estimate of 5.2 years from the fitted curve.
Discussion
Pacific ocean perch are found across a broad range of latitude in the eastern Pacific and across the North Pacific Rim (Love et al. 2002) and demonstrate significant spatial heterogeneity in life history parameters, some of it possibly attributable to exploitation history (Westrheim 1975 , Gunderson 1977 , Leaman 1988 . The synchronous spawning of Pacific ocean perch shown in this study agrees with previous maturity studies for this species, however the more northerly stocks may release larvae somewhat later in the year (Gunderson 1977 ) and the timing of parturition and degree of synchrony may vary somewhat from area to area within similar latitudes (Leaman 1988) . Interannual variation in the timing of parturition has been shown for other species of Sebastes (Lenarz and Wyllie Echeverria 1986) . In our study, synchrony extended across age and size groups, as we found no evidence for earlier parturition of larger or older female Pacific ocean perch. This finding contrasts with the work of Nichol and Pikitch (1994) and Bobko and Berkeley (2004) showing earlier parturition in larger darkblotched rockfish and older black rockfish, respectively. Similarly, our findings differ from the observations of Eldridge et al. (1991) that older yellowtail rockfish reproduced earlier in the season than younger fish and larger yellowtail rockfish reproduce earlier than smaller fish (Love et al. 1990 ). The smaller oocyte diameters we observed for the smallest mature Pacific ocean perch could be interpreted as evidence that ovaries of larger fish develop earlier each season, but may not be associated with differences in timing of fertilization or parturition. Differences in oocyte size have been reported previously for sub-stocks of Pacific ocean perch, but have not been linked to fish size or differences in the final size of eggs at fertilization (Leaman 1988) . Our data show that the smaller oocytes were evident only in the smallest mature fish, and did not show a general trend towards size-or age-modulated differences in timing of ovarian development. It's possible that young Pacific ocean perch that fail to meet some energetic threshold needed to successfully develop larvae show abortive maturation via mass atresia, while in the other rockfish stocks studied, these same "energetically challenged" young fish show delayed ovarian development or parturition. The length at 50% maturity estimated in this study fits in reasonably well with other studies showing larger L 50 to the north and smaller L 50 to the south. Wyllie Echeverria (1987) estimated L 50 for female Pacific ocean perch in California waters at 26 cm, while Barss (1989) estimated L 50 at 34 cm for Oregon waters. Both of these studies suffered from modest sample sizes and few immature fish. More comprehensive studies conducted off Washington and Britsh Columbia estimated L 50 for female fish at 33-39 cm (Leaman 1988 ) and 35-38 cm (Gunderson 1977) . Our estimate of an A 50 of six years for female Pacific ocean perch off Oregon is harder to place in context due to limitations of earlier studies. Barss's (1989) study of fish off Oregon did not collect age data. Wyllie Echeverria (1987) estimated an A 50 for Pacific ocean perch off California of 7 years while Gunderson's (1977) data suggests an A 50 of about 11 years for fish off Washington and British Columbia, both using the "surface reading" technique for determining ages. Leaman (1988) reported an A 50 of 7-10 y for Pacific ocean perch off British Columbia, using the "break and burn" technique to determine ages. Our estimate of six years is considerably younger than the A 50 reported for more northern stocks, as would be expected. For example, Lunsford (1999) examined length and age at maturity for Pacific ocean perch in the eastern Gulf of Alaska and estimated L 50 and A 50 at 35.9 cm and 10.6 years, respectively. However, our estimate is also younger than the A 50 reported for California and a full two years younger than the estimate of eight years used in the most recent assessment for U.S west coast Pacific ocean perch (Hamel et al. 2003) . This difference is difficult to explain, however most prior studies of Pacific ocean perch maturity have utilized surface ages rather than the more reliable "break and burn" method for generating ages (Chilton and Beamish 1982) and have also often relied on visual staging of ovaries from fish collected in summer months, when visual maturity staging is unreliable (Wallace and Selman 1981) .
For female Pacific ocean perch sampled during the active reproductive season, simple visual assessment of maturity performed nearly as well as histological methods in determining functional maturity (Table 3) . Moreover, histology did not provide reliable determinations of maturity status outside this relatively narrow sampling window of December to March. The importance of sampling this species during the active reproductive season has been highlighted by most previous studies (Gunderson 1977 , Leaman 1988 . For rockfish species with less synchronous spawning, histology may prove more useful in determining female maturity status, by providing an accurate assessment of reproductive development at the cellular level, and reducing the number of fish in any given sample that must be classified as "uncertain maturity." Histology has proved useful in determining maturity status for petrale sole (Eopsetta jordani), a species which can be difficult to sample without bias during the active spawning period due to aggregation of mature individuals (Hannah et al. 2002) . In our study, histological examination of ovaries also provided insight into reproductive success in individual fish, showing that some post-adolescent, but still relatively young animals were not successfully developing eggs. Although visual assessment of these fish accurately identified them as immature, incorrect classification was a possibility, because, based on their large size, they could have been interpreted as mature fish that were simply late in developing. Histological examination clearly showed mass atresia and indicated some of these younger fish were not likely to develop eggs successfully within that spawning season.
The evidence presented here for abortive maturation of some younger female Pacific ocean perch is not explainable based on a brief adolescent phase. Prior studies investigating the adolescent or "maturing" stage in rockfish have concluded that adolescence is likely a brief transition period, probably lasting only a year for an individual fish, and spanning just a few ages at a population level (Leaman 1988, Nichol and Pikitch 1994) . A comparison of the percentage of females in this "maturing" stage by age in the months December to March, with similar data on darkblotched rockfish from Nichol and Pikitch (1994) , shows a similar steep decline in prevalence with age, supporting the argument that the rate at which young females become mature is relatively rapid (Fig. 5) . In a species with highly synchronous development, this decline is an indicator of fish passing out of adolescence, because during the months just prior to parturition, few, if any mature fish would be found with stage 2 (maturing) ovaries, even though all mature fish pass through stage 2 briefly during egg development. Our data show an additional feature though, the presence of a long tail on the right side of the distribution (Fig. 5) , caused by some older but still relatively young Pacific ocean perch (visually classified as stage 2) that began reproductive development but then resorbed the developing oocytes for unknown reasons. The interannual variation in the percentage of female Pacific ocean perch showing abortive maturation, along with the age-related decline in prevalance, suggest that female reproductive success may vary in relation to the ocean environment for this species. Studies of the seasonal cycles of fat reserves in other rockfish species have shown that female reserves are depleted during vitellogenesis and gestation (Guillemot et al. 1985 , MacFarlane et al. 1993 . For some rockfish species, larger fish have been shown to possess disproportionately higher fat reserves than smaller fish and a relationship with age has been hypothesized (Larson 1991) . Reduced levels of fat reserves have been shown to influence female reproductive output in other fish species, such as winter flounder, but via the mechanism of reduced fecundity rather than mass follicular atresia (Tyler and Dunn 1976) . Environmentally driven variation in the successful development of larvae in rockfish has been suggested (Larson 1991 , Wyllie Echeverria 1987 , however the minimal available data argue for either delayed egg development or reduced gonad volume during poor years (Lenarz and Wyllie Echeverria, 1986) . The long-term histological studies of ovarian development needed to evaluate the prevalence and causes of interannual variation in reproductive success in Sebastes have not been conducted. Most histological studies of maturity in rockfish have been short-term in nature and have focused mostly on the seasonal cycle in ovarian development and estimation of age and length at maturity (Bowers 1992, Nichol and Pikitch 1994) .
The problem of properly classifying the maturity status of female Pacific ocean perch showing abortive maturation is more than just a question of how maturity is defined. If "mature" females are defined as those which have completed the short adolescent transition, then Pacific ocean perch showing abortive maturation could simply be considered mature, even though they might occasionally fail to produce a successful brood. In this study, such an approach would have generated data that provided a much better fit to the logistic curve. However, to make an accurate distinction between adolescent and post-adolescent females requires an understanding of the duration of adolescence, perhaps based on data similar to that shown in Fig. 5 . If a rapid, size-or age-related decline in the percentage of ovaries in the "maturing" stage (e.g., age 4-8 Pacific ocean perch in Fig. 5 ) could be interpreted as defining adolescence, then larger or older females could be categorically classified as "mature." Whether such an approach would be appropriate, would depend on how the data were to be used. For comparing age and length at maturity between populations, more consistent results might be obtained if older fish with abortive maturation were considered mature. For purposes of stock assessment though, we recommend that fish with abortive maturation be considered "functionally immature". Further, if abortive maturation results in asymmetry in age and length at maturity data, use of the logistic curve, or other inherently symmetric asymptotic functions (see Quinn and Deriso 1999 or Schnute and Richards 1990 ) to describe maturity is not recommended. Simple "spline" fits to proportion mature by age or length may be the best way to represent these asymmetric data.
The data from this study are difficult to interpret at a population level because of historical evidence for spatial heterogeneity in life history traits of Pacific ocean perch. Although abortive maturation has been noted previously in Pacific ocean perch off Canada by Leaman (1988) , it was at a lower level of incidence and found in only one of five sub-populations studied. Leaman's (1988) study also found spatial heterogeneity in rates of atresia, oocyte size, date of parturition, age composition and growth rate. None of the Pacific ocean perch maturity studies to date have incorporated extensive sampling across years to determine if the observed heterogeneity is related to persistent dif-ferences between sub-populations or local variation in environmental conditions that also vary interannually. If longer term studies show that abortive maturation is common in younger female Pacific ocean perch in some years, this would provide support for the idea that maintaining an older average age structure in some rockfish species may bolster stock resilience and help prevent overfishing. It would also suggest that higher reproductive output in older rockfish may derive from various underlying mechanisms, including higher larval quality, differences in fecundity and also different probabilities of successfully developing eggs in a given year.
